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X/ A reactor which is used as a steam and C0 2 hydrocarbon reforming, steam- 
iflBphol reforming, water gas shift, and dehydrogenation reactor, which consists of a far- 
'ouSr impermeable hollow tubular cylinder which nests two more concentric hydrogen 
permfeable tubular cylinders, having the inner permeable one to be nested within the 
outerVrmeable, with the inner permeable cylinder to be filled with catalyst particles, 5 
with tSular type heaters to be located within the catalyst zone, and run parallel to the 
inner cyfejdrical axis, with the catalyst in pellet or particle form to be a reforming, water 
gas shift Xkdehydrogenation catalyst depending on the feedstocks fed in the inlet of the 
reactor and the type of reactions conducted within the catalytic zone, moreover, with 
hydrogen Abe removed via permeation along the inner membrane tube, wherein the / 0 
membrane is Wade by a metal, metal alloy, non-porous inorganic or carbon material, with 
carbon monoSfe, carbon dioxide\ steam, hydrocarbons, alcohols and non-permeate 
hydrogen to be Rejected by the membrane and exit through the main outlet of the inner 
tube, with the pernaeate hydrogen to be diluted by a carrier gas flowing along the annulus 
between the innerWl outer permeable tubes and to be further removed through /S 
permeation along the\outer permeable\membrane tube, wherein the outer membrane is 
made by a metal, nonWous inorganic, or carbon material, so that second permeated 
stream contains pure hydrogen only, with, the annular space between the outer membrane 
tube and the far-outer iriWmeable tube which receives final permeate hydrogen to 
contain a selective catalyst Vherein permeate hydrogen reacts with a sweep component % o 
flowing through the inlet of As annular space, parallel to the outer membrane tube, in an 
exothermic type reaction, withW heat generated by the exothermic reaction in the most- 
outer catalytic zone to be trai^ferred via the radial direction into the main catalytic 
reaction zone of the inner membrane tube thus providing for part of the heat load 
necessary to drive the endotham^atdytic reactions in the inner membrane tube, with>5 
the main heating Joad of this inner Catalytic zone to be achieved via heat transfer from 
tubeTflowing gas, arranged symmptrtcally around the reactor axis and" operated in the 
combustion regime by flowing ^Wstf type hydrocarbons or hydrocarbon-hydrogen 
mixtures mixed with oxygen or ^ air,(^so\by^owing unreacted hydrocarbons and carbon 
monoxide post-reaction species, and arV of their mixtures, exiting from the inner^o 
membrane tube outlet.and recovered in th\ downstream of the reactor through ^variogP> ( 
separation processes inc|Agf separation thtough membrane permeation, and by having 
these mixtures to be recycled as fuel into tW inlet of\these heating tubes to support 
combustion and heat provision in the surrounding inner catalytic zone, with the sweep 
component, which reacts with the hydrogen permeated from the outer membrane tube, to 55" 

be \ 

an unsaturated hydrocarbon such as an alkene or alkyne for hydrogenation to a 

saturated hydrocarbon, \ 

also to be carbon monoxide for hydrogeWtion to methanol or gasoline 

hydrocarbons, a, \ 

also to be nitrogen for hydrogenation toam^pnia^, 

also to be an aromatic hydrocarbon for reductioi*-with hydrogen to a non-aromatic 

hydrocarbon, \ 

also to be an unsaturated alcohol, phenol, aldehyde) ketone, or acid for reduction 
with hydrogen to a corresponding saturated component, 5\ 
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\also to be an alkyl or aryl halide for reduction with hydrogen to a corresponding 
. non-lklWene component, 

\ ako to be a nitroalkane or aromatic nitro compound for reduction with hydrogen 
to a co^resbonding primary amine. 

2. 1ttie\actor assembly and process V claim 1, wherein annular space enclosed 
between fte oOter permeable membrane tube and the far-outer impermeable metal tube is 
empty and^e permeate pure hydrogen through outer membrane tube is used as feed in 
various consecutive applications including hydrogenation reactors for methanol, gasoline 
hydrocarboiA and\mmonia synthesis, also in gas turbines, engines, and fuel cells of 
proton exchange metobrane, alkaline, molten carbonate, solid oxide and phosphoric acid 
types. \ \ 

3. The process of ctaim 1 wherein the inner membrane tube is made by a porous 
inorganic or inorgamc-meml membrane material with hydrogen to permeate through the 
membrane, and ckrbon monoxide, carbon dioxide, steam, reactant and product 
hydrocarbons and alWiols tV permeate also through the membrane in a lesser degree, 
with hydrogen only to\permeattt through the outer metal, non-porous inorganic or carbon 
membrane tube and with the regaining non-permeate species to exit through the reject 
outlet of the annular sWe creaked between the two membrane tubes either as it is 
mixture or after mixing writh another carrier gas flowing through the same annular space, 
with the permeate pure hydrogen tWugh the outer membrane to be used as feed in 
various consecutive applications including hydrogenation reactors for methanol, gasoline 
hydrocarbons and ammonia \ynthesis\also in gas turbines, engines, and fuel cells of 
proton exchange membrane, alkaline, mVlten carbonate, solid oxide and phosphoric acid 
types. J \ \ 

4. The process of claim 1 as applied ta carbon dioxide hydrocarbon reforming and 
dehydrogenation reactions, wher^n the inW membrane tube is made by a porous 
inorganic or inorganic-metal material with hydrogen to permeate through the membrane, 
and carbon monoxide, carbon dioxiqe, reactak and product hydrocarbon species, to 
permeate also through the membrane in a lesseV degree, and with the outer membrane 
tube to be made by an organic polymerynembrarte which withstands high temperatures 
and is permselective to both hydrogen akl carboA dioxide species, with hydrogen and 
carbon dioxide in the reforming reaction 6ase or hWogen only in the dehydrogenation 
case to permeate through the outer membrane, anck with the remaining non-permeate 
species to exit through the reject outlet of the annuter space created between the two 
membrane tubes, either as it is mixture or aft& mixing with another carrier gas flowing 
through the same annular space, with the permeate through the outer membrane hydrogen 
and carbon dioxide mixture to be used for methanol synthesis and as feed in molten 
carbonate fuel cells, and in the corresponding lease Wherein hydrogen only is the 
permeate through the outer membrane tube, the penWe hydrogen to be used as feed in 
various consecutive applications including hydrogenation reactors for methanol, gasoline 
hydrocarbons and ammonia synthesis, also in gas tufyinesAengines, and fuel cells of 

\ 

\ 
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p*oton exchange membrane, alkalinermolten carbonate, solid oxide and phosphoric acid 

vs/A^actor which is used as a steam and C0 2 hydrocarbon reforming, steam-alcohol 
reformirk Water gas shift, and dehydrogenation reactor, which consists of a most outer 
non-r*rn%abV tubular cylinder which- is hollow in the center and nests two more 
concentric TH ow membrane tubular cylinders, a next-inner one and a most-inner one, 
which are boftUade by permeable materials with the annular space between most-outer 
and next-inner\linders to contain a metallic catalyst in the form of pellets or particles, 
with the catalyst^ be a reforming, water gas shift or dehydrogenation catalyst depending 
on the feedstocks^ in the inlet of the annular catalytic zone and the type of reactions 
conducted within {^catalytic zone, with the next-inner cylinder to nest also a concentric 
most-inner hollow Wtobrane cylinder, with next-inner cylinder to be made by a metal, 
metal alloy, non-po\ou\ inorganic, or carbon material which is permeable only to 
hydrogen, with product tWdrogen from the catalytic reaction zone to permeate through 
the lateral membrane\suJfece of next-inner cylinder with carbon monoxide, carbon 
dioxide steam, hydrocaVbonV alcohols and non-permeate hydrogen to be rejected by he 
next-inner membrane and e3it through outlet fitting ports located by the end of the 
catalytic zone, with penmate Vdrogen flowing along the annular zone between next- 
inner and most-inner cylinders to be diluted by a carrier gas flowing along the same 
annulus and to be further \emov\d via permeation across the most-inner permeable 
membrane tube, wherein most-inneWrnb rane tube is made by metal, metal-alloy, non- 
porous inorganic or carbon m\terials\so that secondly permeated stream flowing inside 
most-inner membrane tube cabins only pure hydrogen, with the most-inner membrane 
tube to contain a selective catatyst inVorm of particles or pellets, wherein permeate 
hydrogen reacts with a sweep componentVlowing through an inlet port of the most-inner 
membrane tube in an exothermic typeVeaction, with the heat generated by the 
exothermic reaction in the most-inner ca\lyst zone to be transferred into the main 
catalytic reaction zone enclosed between mW-outer and next-inner hollow cylinders, 
thus providing for part of the heat l\ad necWy to drive the endothermic catalytic 
reactions occurring in this zone, with th\main h\ating of the overall cylindrical assembly 
and main catalytic zone to be achieved by hea\transfer coming from combustion ol 
gases including combustion of waste Wpe hydWarbons and hydrocarbon-hydrogen 
mixtures mixed with oxygen or air, also ofWactefc hydrocarbons and carbon monoxide 
post-reaction species and any of their mixtWes exitiVg from the corresponding reaction 
outlet port, which are recovered in the d\wnstreato of the reactor through various 
separation processes including separation thro\gh merrlbrane permeation and recycled as 
fuel flowing along the external side of the moWouter impermeable cylinder to support 
combustion and heat provision in enclosed Vain caWic zone, with the sweep 
component which reacts with the hydrogen permuted in the most-inner membrane tube, 

t0 bC an unsaturated hydrocarbon such as an alketoe or alW for hydrogenation to a 
saturated hydrocarbon, ' \ 

also to be carbon monoxide for hydrogenation to^methanol or gasoline 

hydrocarbons, 



25 




a&o to be nitrogen for hydrogenation to ammonia, also to be an aromatic 
hvdrocarbL for reduction with hydrogen to a non-aromatic hydrocarbon, 

alsSto be an unsaturated alcohol, phenol, aldehyde, ketone, or acid for reduction 
with hydrogen to a corresponding saturated component, 

also to\be an alkyl or aryl halide for reduction with hydrogen to a corresponding 

non-halogene cbmponent, 

also to b\a nitroalkane or aromatic nitro compound for reduction with hydrogen 

to a correspondingNrjrimary amine. 

6 The reactor as\embly and process of claim 5, wherein most inner membrane tube 
is empty and the p&ermeate hydrogen within this tube is used as feed in various 
consecutive ar^licalionX including hydrogenation reactors for methanol, gasoline 
hydrocarbons, and ammonia synthesis, also in gas turbines, engines, and fuel cells of 
proton exchange membVane>alkaline, molten carbonate, solid oxide and phosphoric acid 
types. \ 

7 The process of cl&m 5 \erein next-inner hollow cylinder is made by a porous 
inorganic or inorganic-raWl mW with hydrogen to permeate through the 
membrane, and carbon rWmoxidV carbon dioxide, steam, reactant and product 
hydrocarbons, alcohols, to p\rmeate\lso through the membrane in a lesser degree, with 
hydrogen only to permeate \through\the most-inner metal, metal, alloy, non-porous 
inorganic or carbon membrane tube a\d with the remaining non-permeate species, to 
exit through the reject outlet df the arui\lar space created between the next-inner and 
most-inner cylinders, either as\t is mixtVe or after mixing with another earner gas 
flowing through the same annula\space, wi% the permeate through the inner membrane 
tube pure hydrogen product, to \e used asXfeed in various consecutive applications 
including hydrogenation reactors \or methanol, gasoline hydrocarbons and ammonia 
synthesis, also in gas turbines, engines, and fi& cells of proton exchange membrane, 
alkaline, molten carbonate, solid oxidH and phosphoric acid types. 

8 The process of claim 7, as applied to carbonNdioxide hydrocarbon reforming and 
dehydrogenation reactions only, wherein\he most-inher membrane tube is made by an 
organic polymer membrane which withstands high terrWures and is permselective to 
both hydrogen and carbon dioxide specieV which permeate through the most-inner 
membrane tube, with the remaining non-perrrWe species\o exit through the reject outlet 
of the annular space created between the nek-inner and\most-inner membrane tubes, 
either as it is mixture or after mixing with another carrier gas flowing through the same 
annular space, with the permeate through the mWinner membrane tube hydrogen and 
carbon dioxide mixture to be used for methanol synthesis\and as feed in molten 
carbonate fuel cells, and in corresponding case whe\ein hydrogeAonly permeates through 
the most-inner membrane tube, the permeate hydrWen to be u\ed as feed in various 
consecutive applications including hydrogenation Veactors for\ methanol gasoline 
hydrocarbons and ammonia synthesis, also in gas turbines, engine^and fuel cells ot 
proton exchange membrane, alkaline, molten carbonate\solid oxide a^ad phosphoric acid 
types. \ / 
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A reactor which is used as a carbon dioxide hydrocarbon reforming and 
-enation reactor, which consists of multiple membrane tubes nested within an 
outer Wl-permeable hollow metal cylinder which also contains a catalyst in particle or 
pellet fotjn with the catalyst to be a reforming or dehydrogenation catalyst depending on 
the feedsStks fed in the inlet of the catalytic zone and the type of reactions conducted 
within thecatolytic zone, with the multiple membrane tubes to be made by organic type 
polymer membrane material which withstands high temperature and is permselective to 
both hy&ogerUnd carbon dioxide species which permeate into the multiple inner 
membrane tubeVfrom the catalytic zone, with the remaining non-permeate carbon 
monoxide, product \d reactant hydrocarbons and non-permeate hydrogen and carbon 
dioxide to be rejecNelby the polymer membrane tubes and exit through outlet fitting 
ports located by the e\d\f the catalyst zone, with permeate hydrogen and carbon dioxide 
mixture from the \fVming reaction or permeate hydrogen only from the 
dehydrogenation reaction, Vhich are flowing in the inner side of the membrane tubes 
either as unmixed gas or a\a\mixture with another carrier component flowing through a 
common inlet via all the rAembrane tubes, to be continuously removed via a common 
impermeable metal shell which\ interconnected with all the membrane tubes and sealed 
from the gases flowing out of\he\catalytic reaction zone of the outer cylinder, with the 
multiple organic polymer membrane tubes to contain a selective catalyst in form or 
particles or pellets wherein mixture\of permeate hydrogen and carbon dioxide react to 
produce methanol or carbon monoxide, or methane, and alternatively, permeate hydrogen 
only reacts with a sweep componentVowing through all membrane tubes via a common 
inlet in an exothermic type of reaction, with the heat generated by the exothermic 
reaction in the catalytic zone enclosedX^thin the tubes to be transferred m the outer 
catalytic reaction zone, thus providing foApart of the heat load necessary to drive the 
occurring endothermic reforming or dehydfoWion reactions, with the mam heating ot 
the outer cylinder and enclosed catalytic z%e to be achieved via heat transfer from 
combustion of gas flowing in external side of % outer cylinder, including combustion of 
waste type hydrocarbons and hydrocarbon-hydrdgen mixtures mixed with oxygen or air 
including unreacted hydrocarbons and carbon monoxide post-reaction species and any of 
their mixtures exiting from the outer catalytic zoneVa suitable outlet fitting ports, which 
gases are recovered in the downstream of the Wor through various separation 
processes including separation through membrane penWation and recycled as fuel along 
the external side of the outer cylinder to support combustion and heat provision in the 
enclosed outer catalytic zone, with the sweep componentWh reacts with the hydrogen 
permeated in the inner membrane tubes, to be \ 

an unsaturated hydrocarbon such as an alkene or atkyne for hydrogenation to a 

saturated hydrocarbon, \ 

also to be carbon monoxide for hydrogenation to\methanol or gasoline 

hydrocarbons, 

also to be nitragen-rrjrTryclrogeriati x . 

alsoJo-be^Taromatic hydrocarbon for reduction with hydrogen^ to a non-aromatic^ 

ion, \ 
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also\to be an unsaturated alcohol, phenol, aldehyde, ketone, or acid for reduction 
with hydrogen to a corresponding saturated component, / 

also to be an alkyl or aryl halide for reduction with hydrogen to a corresponding 

non-halogene component, / 

also to be a nitroalkane or aromatic nitro compound for/eduction with hydrogen 

to a corresponding primary amine. 

10. The reactok assembly and process of claim 9, wherein the inner membrane tubes 
are empty and the hydrogen and carbon dioxide mixtur/or the hydrogen gas only which 
permeate in these tubes and recovered in the downstream is used as feed in various 
consecutive applications including hydrogenatio/ reactors for methanol, gasoline 
hydrocarbons and amnionia synthesis, also in gad turbines, engines, and fuel cells of 
proton exchange membfane, alkaline, molten ca/bonate, solid oxide and phosphoric acid 
types. 

11. The process of claim 1, as applies/) the steam and C0 2 hydrocarbon reforming 
reactions, with H 2 and CO to be produced via the reversible hydrocarbon steam 
reforming, hydrocarbon Co\ reforming, and water gas shift reactions, with the final 
permeate stream to contain We hydrogen product, permeated through the far outer 
membrane tube, and with the rejec/exit stream from the reactor which contain carbon 
monoxide product, non-permeat/ hydrogen product, unreacted hydrocarbon, carbon 
dioxide and unreacted and produced steam to be passed through a heat exchanger to 
reduce its temperature and co/dense the containing steam by generating new steam in 
other side of the exchanger Which\s used as feed into the first reforming reactor and any 
subsequently placed stear/ reforming reactor, with the exit stream from the heat 
exchanger to be passed through a bed of moisture adsorbing particles to remove any 
moisture content, with/the dry codled exit gas mixture to enter into a membrane 
permeator made by one of the following materials: 

organic polymer membrane, \ 
inorganic membrane, \ 
composite4norganic-metal-organi<: membrane, 
composite organic-inorganic membrane, 
composite organic-metal membrane^ 
which all materials are permselective to H 2 \and C0 2 and separate these two species in 
permeate sfream from the unreacted hydrocarbon and carbon monoxide product which 
exit from/the non-permeate side of the permeator as a reject stream, with the H 2 and C0 2 
permeate product mixture to be used for methanol synthesis and as feed in molten 
carbonate fuel cells, also in other 
chemical synthesis 
and fuel type reactions 
either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 
as single hydrogen stream or \ 

as combined hydrogen stream after its combination with the hydrogen stream 
permeated from the first permeable reactor. \ 
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12. The procVss of claim 5, as applies to the steam and C0 2 hydrocarbon reforming 
reactions, with H 2 and CO to be produced via the reversible hydrocarbon steam 
refoWing, hydrocarbon C0 2 reforming, and water gas shift reactions, with the final 
permeate stream to contain pure hydrogen product, permeated through the most inner 
membrane tube, and with the reject exit stream from the reactor which contains carbon 
monoxidVand nonWrmeate hydrogen product, unreacted hydrocarbon, carbon dioxide 
and unreached and koduced steam to be passed through a heat exchanger to reduce its 
temrjerature and con&ense the containing steam by generating new steam in other side of 
the exchanger tfhich\s used as feed into the first reforming reactor and any subsequently 
placed steam refdmirbg reactor, with the exit stream from the heat exchanger to be 
passed through a bid \f moisture adsorbing particles to remove any moisture content, 
with the dry cooled exh^gas mixture to enter into a membrane permeator made by one of 
the following materials: 

organic polymer m\srnbrane, 

inorganic membrane 

composite inorganicin\etal-organic membrane, 

composite organic-inorganic membrane, 

composite organic-metal membrane, 
which all materials are permselective to H 2 and C0 2 and separate these two species m 
permeate stream from the unrlacteci hydrocarbon and carbon monoxide product which 
exit from the non-permeate sideW theNpermeator as a reject stream, with the H 2 and C0 2 
permeate product mixture to be used\for methanol synthesis and as feed in molten 
carbonate fuel cells, also in other 1 

chemical synthesis 

and fuel type reactions 
either as a mixture or after the C0 2 (condensation and removal, as pure hydrogen, either 

as single hydrogen stream or\ \ 

as combined hydrogen stream after itsN^ombination with the hydrogen stream 
permeated from the first permeable reactor. 

13. The process of claim 9, as applies to the COMiydrocarbon reforming reaction, by 
feeding C0 2 and a hydrocarbon or CO\ and a mixtute of hydrocarbons in the catalytic 
reaction zone, with H 2 and CO to be\produced via the reversible hydrocarbon C0 2 
reforming and water gas shift reactions with the fina^ permeate stream to contain 
hydrogen product, carbon dioxide reactanl and traces of steam which may also permeate 
through the multiple inner polymer membrane tubes, with the steam to be removed by 
passing the stream through a bed of moisture adsorbing particles, with the remaining 
hydrogen and C0 2 mixture to be used in consecutive applicatiorkand with the reject exit 
stream from the reactor which contains carbon monoxide V°d uct > non-permeate 
hydrogen product, non-permeate unreacted carbon dioxide, unrea\rted hydrocarbon and 
traces of product steam to be passed through la bed of moisture adsorbing particles to 
remove any moisture content, with the dry cooled exit gas mixt^e to enter into a 
membrane permeator made by one of the following materials: 

organic polymer membrar" ' 

■— morgan i G -mernbrane 
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composite iMrganic-metal-organic membrane, 
composite or janic-inorganic membrane, 
composite or&anic-metal membrane, 
which all materials Ire permselective to H 2 and C0 2 and separate these two species in 
permeate stream fro* the unreacted hydrocarbon and caibon monoxide product which 
exit from the non-penheate side of the permeator as a reject stream, with the H 2 and C0 2 
permeate product mixture to be used for methanol synthesis and as feed m molten 
carbonate fuel cells, also in other 
chemical synthe: 
and fuel type reasons 
either as single stream 
and C0 2 stream permeate! 



combined stream after its combination with the hydrogen 
the first permeable reactor. 
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14. The process of claim \12, wherein the membrane permeator which follows the 
permeable reforming reactor isXmade by a metal, metal alloy, non-porous inorganic, or 
carbon membrane which is\ permselective only to hydrogen and separate hydrogen in 
permeate stream from the uWeaWd hydrocarbon, carbon dioxide, and product carbon 
monoxide, which all exit frorh theVion-permeate side of the permeator as a reject stream, 
with the recovered hydrogen\in permeate stream to be used either directly, or after 
combination with the permeateWdrVgen recovered from the first permeable reactor, in 
chemical synthesis, inclMngWethanol, gasoline hydrocarbons and ammonia, 
in fuel type reactions \ \ 
including as hydrogen feed, in gVs turbines, engines, and fuel cells of proton exchange 
membrane, alkaline, molten carbdpate,Vid oxide and phosphoric acid types. 



15. The process of claim 12, witii the\reject stream from the permeator containing 
unreacted hydrocarbon and CO to enter irko a consecutively placed steam reformer to 
react with steam over a bed of metallic catalyst via the steam reforming and water 
gas shift reactions and be converted into H 2 \and C0 2 products, having this exit stream 
from last reformer to condense its unreacted steam by passage through a heat 
exchanger and by generating new stean\ in other side of the heat exchanger which is 
used as feed in the inlet of this last reformer, having the final exit dry mixture of H 2 
and C0 2 from the heat exchanger to be cbmbirted with the permeate from the 
membrane permeator H 2 and C0 2 streamW mke one combined stream of H 2 and 
C0 2 to be used for methanol synthesis and^as feed in molten carbonate fuel cells, also m 
other 

chemical synthesis 
and fuel type reactions 
either as a mixture or after the C0 2 condensation and removal, as pure hydrogen, either 
as single hydrogen stream or \ 

as combined hydrogen stream after it^ combination with the hydrogen stream 
permeated from the first permeable reactor. 

16. The process of claim 14, with the reject stream from the permeator containing 
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unreacted h^drocarbk carbon dioxide and carbon monoxide product to enter into a 
consecutive! placed Isteam and carbon dioxide reformer to react with steam and carbon 
dioxide oveJa bed ofUetallic catalyst via the reversible reactions of hydrocarbon-steam 
reforming hldrocarbdn-carbon dioxide reforming, and water gas shift, and be converted 
into H 2 CO M CO, products, having this exit stream from last reformer to condense its 
unreacted steL by pakage through a heat exchanger and by generating new steam m 
other side of tk heat elctianger which is used as feed in the inlet of this last reformer 
having the finatyexit dry\nixture of H 2 , CO and C0 2 from the heat exchanger to be used 
for 

chemical Synthesis 

andasfuely « . 
either as it is mixtke, or iker the C0 2 condensation and removal, as pure synthesis gas 
mixture of hydrogeA and carbon monoxide, either 

as single stream or 

as combined stream . 

after its combination With the hydrogen stream permeated from the permeator and the 
first permeable reforming reactor. 

17. The process of \aim\12 wherein the hydrocarbon is a single constituent or a 
mixture of constituents ot\the fallowing components: 

methane, 

ethane, 

propane, 

n-butane, 

i-butane, 

methanol, 

ethanol, 

propanol, 

butariol, 

natural gas rich in methane,\ 
coal gas rich in methane, 
landfill gas rich in methane, 
flue gas rich in methane, 
and wherein the combined hydrocarbon^nd carbon dioxide gas mixture is substituted by: 
a CH4 and C0 2 mixture, 
acidic natural gas rich in CH4 and < 
coal gas rich in CH4 and C0 2 , 
landfill gas rich in CH4 and C0 2) 
other refinery ar>d flue gas mixtures ncfoin CH4 and C0 2 . 

18 The process of claim 12 wherein the\mekbrane in permeator is made from an 
organic polymer or composite or copolymer o\ org^iic polymers selected from the group 
of 

^oolyimides, 
polycarbonates; 
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poiysulfones, 

pawbenziimidazoles, 

powphosphazenes, 

polyamides, 

polystyrenes, 

polwaprolactams, 

paryfenes, 

polyvinyl halides, 

polyaaetates, 

polysifpxanes - u 

or from inorgLc-organic composite materials made by a mixture of one or more of the 
above polymeS with one or more of the following ceramic oxides: 

alumin^fAl 2 0 3 ), 

titania (Tft0 2 ), 

silica (SJ0 2 ), 

zirconia (ZK) 2 ). 

19 The procL\of claim 9 wherein the inner membrane tubes within the reactor are 
made from an orkn\c polymer or composite or copolymer of organic polymers selected 

from the group ofl \ 
polyimides, \ 
polycarboniatesA 
poiysulfones, \ 
polybenziirmidazoles, 
polyphosphazenes\ 
polyamidesA 
polystyrenes! 
polycaprolac^ams, 
parylenes, 
polyvinyl halides, 
polyacetates, 
polysiloxanes. 

20 The process of c\aim nVvherein the permeator following the first ^rmreactor is 
replaced by a catalytic Aermreac\or to reactively process the exit stream from the first 
permreactor which is rictW CO product, by conducting the water gas shift reaction with 
H 2 and C0 2 products, alsb in casUf low conversion in the first permreactor wherein 
first permreactor exit streW contains significant amounts of unreacted methane and 
carbon dioxide by conductlg as w^ll in following catalytic permreactor the reversible 
methane steam reforming an\l methaAe carbon dioxide reforming reactions togethei r with 
the water gas shift reaction oaW a bedbf metallic catalyst with main products H 2 , CO and 
with the following membrane WeacW to be made by one of the following materials: 

metal or metal alloy memb rane, \ 

non-porousjnfl^^ 

carbon membrane * 
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whichf all materials are permselective to H 2 and separate H 2 only in permeate stream of 
the peVmreactoV from the unreacted hydrocarbon, steam, C0 2 , and CO which all exit 
from the non-pfermeate side of the permreactor as a reject stream which is recycled as 
feed into the firi permreactor if it is rich in C0 2 , or in the second permreactor if it is rich 
in CO, vW the lermeate H 2 to be used in 
chemical synthesis 
ana fuel tvpe reactions 
either , as single hydrogen stream or 

as combined hydrogen stream after its combination with the hydrogen stream 
permeated from theVirst permeable reactor. 

21. The process of claW 1 1 wherein the permeator following the first permreactor is 
replaced by aAcatalytk permreactor to reactively process the exit stream from the first 
permreactor which is rich in CO product, by conducting the water gas shift reaction with 
H 2 and C0 2 products, also in case of low conversion in the first permreactor wherein 
first permreactcV exit s\ream contains significant amounts of unreacted methane and 
carbon dioxide bV conducting as well in following catalytic permreactor the reversible 
methane steam reformingWd methane carbon dioxide reforming reactions together with 
the water gas shift YeactionWer a bed of metallic catalyst with main products H 2 , CO and 
with the following inembra^e permreactor to be made by one of the following materials: 
metal or mefel alloy membrane, 
non-porous inorganic^membrane, 
carbon membrane \ 
which all materials arfe pemr&lecW to H 2 and separate H 2 only in permeate stream of 
the permreactor from Wunre^cted hydrocarbon, steam, C0 2 , and CO which all exit 
from the non-permeateVside oftthe permreactor asjt reject stream which is recycled as 
feed into the first permreactor ifw is rich in J^orin the second permreactor if it is rich 
in CO, with the permeftte\H 2 to blus 
chemical synthe 
and fuel type reactions 
either , as single hydrogen stream ot 

as combined hydrogen stream after its combination with the hydrogen stream 
permeated from the first permeable reactor. 

/ \ \ c 

22. The process of claim fa wherein the feed stream into first permreactor consists of 
a hydrocarbon and carbon dioxide orV mixture of hydrocarbons and carbon dioxide, 
reformed over a bed of metalht catalyst via the reversible C0 2 hydrocarbon reforming 
and water gas shift reactions to pVoduce H 2 and CO products. 
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23. The process of clafm 1 1 wherein thfe feed stream into first permreactor consists of 
a hydrocarbon and carbon dioxide\or a mixture of hydrocarbons and carbon dioxide, 
reformed over a a bed of metallic catalyst via the reversible CO z hydrocarbon reforming 
and water gas shift reactions to produce H 2 and CO products. 
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The proces\of cfaim 12 wherein the combined H 2 and C0 2 product mixture from 

^ thanol synthesis via the reaction: C0 2 +3H 2 =CH 3 OH+H 2 0, 

' id in molten carbonate fuel cell (MCFC) units for electricity 
overall electrochemical reaction: H 2 +C0 2 +l/20 2 (cathode) — 



24. 

the, 

(a) \for direct m 

(b) tor direct 
generation via 
H 2 0+C0 2 Yanode), 

(c) for\therC0 2 
moreover, after the re 
with pure H 2 toming 

(d) as fuelueed in 
oxide, proton exchange, 



td H 2 direct combination reaction, 
val of C0 2 by condensation, the generated pure H 2 is combined 
of the first reforming reactor and used: 

rdrogen based fuel cell units including molten carbonate, solid 
aline, phosphoric type, 



(e) as fuel feed in gasWbines, conventional and jet type gas engines, 
f ft as synthesis reactak in consecutive hydrogenation reactors including these tor 
methanol, ammonia and^asoline hydrocarbon synthesis, also these for saturation of 

unsaturated hydrocarbons "V ludin S alkenes t(> alkan6S ' alkynC$ * * , ^Ta 
also these for reduction of arWatic hydrocarbons, also these for saturation of undated 
alcohols, phenols, aldehydes, ketones, acids, these for reduction of alkyl and aryl halides, 
and these for reductio\of nitAalkanes and aromatic nitro compounds into corresponding 
primary amines. 

1 1 1 Wherein the combined H 2 and C0 2 product mixture from 



25 The process of cl 
the permeator is used: 

(a) for direct methanol svnth 

(b) for direct feed in fyolte 
generation via the overall 
H 2 0+C0 2 (anode), 

(c) for other C0 2 and H 
moreover, after the remov 
with pure H 2 coming out o 

(d) as fuel feed in hydrogen 
oxide, proton exchange, alkaline, 



us via the reaction: C0 2 +3H 2 == CH30H+H 2 0, 

carbonate fuel cell (MCFC) units for electricity 
itrochemical reaction: H 2 +C0 2 +l/20 2 (cathode) — 

:ct combination reaction, 

SO, Vc^ndensation, the g enerated P 1 * 6 H 2 is combined 

[forming permreactor and used: 
ba^eSj fuel cell units including molten carbonate, solid 
ihoric type, 



^iuivii wAviiiwi^v, ? r v. ri ^ * 

( e) as fuel feed in gas turbines, coMentional and jet type gas engines, 
ft as synthesis reactant in consecutive hydrogenation reactors including these for 
methanol, ammonia and gasoline hydMcarbon synthesis, also these for saturation of 
unsaturated hydrocarbons including alkies to alkanes, alkynes to alkenes to alkanes 
also these for reduction of aromatic hydrocarbons, also these for saturation of unsaturated 
alcohols, phenols, aldehydes, ketones, acid&these for reduction of alkyl and aryl halides, 
and these for reduction of nitroalkanes and afomatic nitro compounds into corresponding 
primary amines. I 

eed stream into the first permreactor 
^(g)) mixture, reacting over a bed of 
vater gas shift reaction alone, with 
ne tubes and with the remaining 



/ 



26. The process of claim 12 wherein th 
consists only of carbon monoxide and steam 
metallic catalyst to produce H 2 and C0 2 via 
hydrogen to permeate through the most-inner 
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comp&iients including unreacted carbon monoxide, steam, carbon dioxide product and 
non-pSLate hydrogen to exit through the reject stream of the outer cylinder. 

27 The process of claim 26 with the reject stream from the permeator containing 
non-perAieate Reacted CO to be recycled into the inlet of first water gas shift 
rjerrnreaitor for continuous water gas shift reaction into the main outer catalytic zone. 

28 Trie process of claim 26 with the reject stream from the permeator containing 
non-permLe unreacted CO to enter into a consecutive placed water gas shift reactor to 
react withfeteam o4r a bed of metallic catalyst via the water gas shift reaction and be 
converted Lo H 2 aid C0 2 product, having the exit stream from last shift reactor to 
condense itl unreacted steam by passage through a heat exchanger and by generating ; new 
steam in the\other sid\ of the heat exchanger to be used as feed m the inlet of this last 
shift reactor k an autothermic type operation, having the final exit dry mixture of H 2 and 
CO, from lasAheat exchWger to be combined with the permeate from the membrane 
permeator H 2 W C0 2 sVeam, to make a combined stream for use as feed in methanol 
synthesis and molten carbonate fuel cells, also in other 

chemica\ synthesis\ 
and fuel wpe reactions 
either as it is mixture or after the C0 2 condensation and removal, as pure hydrogen, 

either \ \ 

as single hydrogen stream or 

as combined hydrogeV stream after its combination with the hydrogen stream 
permeated from the\first rerfneable reactor. 

29 The process lf/aira.5 L applies to dehydrogenation reactions of alkanes, with 
the feed to consist of/pure or mWe of^Hcal^ which are saturated hydrocarbons and 
react in the catalytic lone of th^Wfileactor, with hydrogen and unsaturated alkenes o 
be produced via reverVib^elSogenation reactions, with the final permeate stream to 
contain pure hydrogeA product pSpieated through the most-inner membrane tube and 
with the exit reject strekm from theVermreactor which contains product alkenes and non- 
permeate hydrogen anS unreacted Wkanes, to be passed through a heat exchanger to 
reduce its temperature lW generatinjysteam in other side of the exchanger which is used 
as feed into any steam Iquiring process with the exit from the heat exchanger alkenes, 
alkanes and hydrogen mixture to beWered into a membrane permeator wherein the 
membrane is made by onAof the following materials: 

organic polymer membrane, 

inorganic membrane, 

composite inorganicVmetal-organib membrane 
composite inorganicJorganic membrane 
composite metal-organic membrane 
metal or metal alloy rrtembrane 
non-porous inojganiemembrane 
carboirrnCnibrane 
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which all materials We permselective to hydrogen only, and separate hydrogen in 
permLte stream fromW unreacted alkanes and product alkenes, which exit from the 
non-p\rmeate side of the permeator as a reject stream to be used for 
Dolyolefin synthfesis in consecutive polymerization reactors, 
oxygenated compound synthesis in consecutive synthesis reactors, 
including, ethylene glycbl, ethylene oxide, propylene glycol, propylene oxide, ethanol 
propanolNsopropanol, Xith the hydrogen product recovered in the permeate stream of 
me permeaW to be usedWs single hydrogen stream or as combined hydrogen stream after 
its combination with the \rydrogen stream permeated through the first permeable reactor, 
in 

chemicaWnthesisl 

and in fiieMype reactions, . 
including use as feedstock to hydrogenation reactors for methanol ammonia, and 
gasoline hydrocarbo\ synthesis, also in gas turbines, engines, and fuel cells of proton 
exchange membrane, WlinX molten carbonate, solid oxide and phosphoric acid types. 

30 The process of claim l\ as applies to dehydrogenation reactions of alkanes, with 
the feed to consist of pure or rVixture of alkanes which are saturated hydrocarbons and 
react in the catalytic zoneV the. permreactor, with hydrogen and unsaturated alkenes to 
be produced via reversible Wdxogenation reactions, with the final permeate stream to 
contain pure hydrogen product peWeated through the outer membrane tube and with the 
exit reject stream from the\ perrnreactor which contains product alkenes and non- 
permeate hydrogen and unreVted\alkanes, to be passed through a heat exchanger to 
reduce its temperature by gene^atinLteam in other side of the exchanger which is used 
as feed into any steam requiring process with the exit from the heat exchanger alkenes, 
alkanes and hydrogen mixture \ be\entered into a membrane permeator wherein the 
membrane is made by one of the l^ollov^ing materials: 

organic polymer membr 

inorganic membrane, 

composite inorganic-mfetal-oVgamc membrane 

composite inorganic-orgamcjner " 

composite metal-organic inembram 

metal or metal alloy membrane^ 

non-porous inorganic membrane\ 

carbon membrane \ \ 

which all materials are permselective ib hVdrogen only, and separate hydrogen in 
permeate stream from the unreacted alkan)* dnd product alkenes, which exit from the 
non-permeate side of the permeator as a reject stream to be used for 

polyolefin synthesis in consecutive polymerization reactors, 

oxygenated compound synthesis in conseUtive synthesis reactors, 
including ethylene glycol, ethylene oxide, propy&ne glycol, propylene oxide, ethanol 
propanol, isopropanol, with the hydrogen productWovered in the permeate stream of 
the permeator to be used as single hydrogen stream dXas combined hydrogen stream after 
jtec^bwation with the hydrogen stream permeated^ftrough the first permeable reactor, 
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chetaicateynthesis, 
andlin mel type reactions, . 
including L as feedstock to hydrogenation reactors for methanol ammonia, and 
gasoline hylocarboA synthesis, also in gas turbines, engines, and fuel cells of proton 
exchange meWbrane, Waline, molten carbonate, solid oxide and phosphonc acid types. 

31 The pLess ofVlaim 9, as applies to dehydrogenation reactions of alkanes, with 
the feed to coList of pW or mixture of alkanes which are saturated hydrocarbons and 
react in the ca&ytic zoSe of the permreactor, with hydrogen and unsaturated alkenes to 
be produced vilreversible dehydrogenation reactions, with the final permeate stream to 
contain pure hydrogen product permeated through the multiple inner polymer membrane 
tubes and withle exit rSect stream from the permreactor which contains alkenes and 
non-permeate hydVogen asVoducts and unreacted alkanes, to be P^^^^ 
exchanger to reduce its temperature by generating steam m other side of the exchange 
which is used as led into >y steam requiring process with the exit from the heat 
exchanger alkenes, \alkanes W hydrogen mixture to be entered into a membrane 
permeator wherein th\; membraW is made by one of the following materials: 
organic polymer membrane, 
inorganic membrane, \ 
composite inorgWc-metaiorganic membrane 
composite inorgariic-organfc membrane 
composite metal-organic membrane 
metal or metal alloy membrane 
non-porous inorganic membrane 
carbon membrane x x 
which all materials are peWecti\e to hydrogen only, and separate hydrogen in 
permeate stream from meimWed alkanes and product alkenes, which exit from the 
non-permeate side of the ofermeator as aVejectrtream to be used for 
polyolefin synthesi(s in corisecuJiVe^clymerization reactors, 
oxygermtedcomrx>ur«kjynfem^ . A . . 

including ethylene glycol, ethylene oxidl propylene glycol, propylene ™^J**^ 
propanol, isopropanol, with the hydrogen Voduct recovered in the r^rmeate stream of 
the permeator to be used as single hydrogen Warn or as combined hydrogen stream after 
its combination with the hydrogen stream permeated through the first permeable reactor, 
in 

chemical synthesis, 

and in fuel type reactions, x x . 

including use as feedstock to hydrogerWion r\actors for methanol ammonia, and 
gasoline hydrocarbon synthesis, also in ga\turbinW engines, and fuel cells of proton 
exchange membrane, alkaline, molten carbonate, solid oxide and phosphonc acid types. 



32. The process of claim 29 wherein the alkane hyc 
a mixture of constituents of the following components. 

ethane, 

pronaner^^ 



rocarbon is a single constituent or 
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^-butane, 
i-putane 

ral gas rich in ethane 
natural gas rich in propane 
reraiery gas rich in ethane 
refinery gas rich in propane 
refinery gas rich in butane 
refinery gasvrich in isobutane 

refinfc gas\ich in ethane, propane, butane, isobutane. 

33 The pibcess df claim 29 wherein the membrane in permeator is made from an 
organic polym^ or composite or copolymer of organic polymers selected from the group 
of 

polyimid^ 
polycarbonates, 
polysulfone 
polybenziim^dazoles, 
polyphospha 
polyamides, 
polystyrenes, 
polycaprolact 
paryienes, 
polyvinyl halides, 
polyacetates, 

polysiloxanes v\ \ - , 

or from inorganic-organic c^tpoke materials made by a mixture of one or more of the 
above polymers with one or m\?re o\the following ceramic oxides: 

alumina (A1 2 0 3 ), 

titania (Ti0 2 ), 

silica (Si0 2 ), 

zirconia (Zr0 2 ) \ \ ~ , c n 

or from metal and metal alloys m^eria^s comprising by one or more of the following 

metals: 

Palladium (Pd), 
Vanadium (V), 
Platinum (Pt), 
Silver (Ag), 
Chromium (Cr), 
Copper (Cu), 
Iron (Fe), 
Nickel (Ni). 

34 The process of claim 12 wherein the fe*\ stream into the first permreactor 
consists only of a hydrocarbon and steam (H 2 0(M mixture or an alcohol and steam 
mixture reacting over a bed of metallic catalyst to produce H 2 , C0 2 and traces of CO via 
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the reverfbi hydrocarbon steam reforming and water gas shift reactions, or alcohol 
steam reflrmW and water gas shift reactions, with hydrogen to permeate through the 
most-innel rrletal membrane tube and with the remaining components including 
unreactedfiydTocarbons, alcohols, steam, carbon dioxide, carbon monoxide, and non- 
permeate hVdrdpi to exit through the reject stream of the outer cylmder. 

35 The brooess of claim 34 with the reject stream from the permeator containing 
no'n-permeatA unVeacted hydrocarbons and product CO or unreacted alcohols and CO to 
be recycled in\o the inlet of first permeable reformer for continuous hydrocarbon-steam 
reforming and Awier gas shift reactions or alcohol steam reforming reactions into the 
catalytic zone ok the outer cylinder. 

36 The procL\of claim 34 with the reject stream from the permeator containing 
non permeate unreaWd hydrocarbons and CO or alcohols and CO to enter into a 
consecutive placed\reformer to react with steam over a bed of metallic catalyst via the 
steam reforming arid water gas shift reactions and be converted into H 2 , C0 2 product 
mixture, having theUft stream from last reforming reactor to condense its unreacted 
steam by passage through a heat exchanger and by generating new steam in other side of 
the heat exchanger to W\used as feed in the inlet of the last reformer m an autothermic 
type operation, havingVhefinal exit dry mixture of H 2 and C0 2 from last heat exchanger 
to be combined with the permeate from the membrane permeator H 2 and C0 2 stream, to 
make a combined streaW Vor use as feed in a methanol synthesis reactor and molten 
carbonate fuel cell unit, a\so\in other 

chemical synthesis\ 

and fuel type reacti^ns\ 
either as it is mixture or 
either 

as a single hydrogei! 
as combined hydrogen strea 
from the first permeable reforming 



C0 2 condensation and removal, as pure hydrogen, 

i or 

pts-eornbination with the hydrogen stream permeated 
eactor. 



37. The process of claim 
permeable reformer is replaced bV a 
subzero temperature of absolute vl 
unreacted steam, hydrocarbons, 
temperature of carbon monoxide an 



rherein the membrane permeator following the 
ryogenic separator, which operates at a cryogenic 
\higher than the condensation temperature of the 
dioxide, and lower than the condensation 
temperature ui ^uui. u,«™^ ^hydrogen, with the hydrogen and carbon monoxide 
gases to be separated as gases froni the cryogenic separator, and with the steam, 
hydrocarbons and carbon dioxide to ^separated as condensed liquids, with these 
liquified components to be continuouslyWWriodically reheated by use of an immersed 
or surrounding heater to the section of the\eparator containing the liquified phase, and to- 
be exited from the separator by use of a special valve, and be recycled into the inlet of 
the reforming reactor for continuous steam Wd carbon dioxide reforming and water gas 
shift reaction in the reformer, with the separated hydrogen and carbon monoxide mixture 
from the cryogenic separator^ be used in folloNying applications 
memaaol-syfitnesis, 
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gasotfne synthesis via Fischer-Tropsch synthesis route, 
as coMbustion fuel in gas turbines and gas engines, 
as fuelin solid oxide fuel cells, 
either as is m\Lre, or after mixing with all or part of the hydrogen stream permeated 
from the permeable reformer. 

38 The process of claim 22 wherein the membrane permeator following the 
permeable reforWW is replaced by a cryogenic separator, which operates at a cryogenic 
Sero tempelle of absolute value higher than the condensation temperature of the 
steam hydrocalX carbon dioxide, and lower than the condensation temperature of 
c!Zn \ Tnoxidl and hydrogen, with the hydrogen and carbon monoxide gases to be 
LrZeTaTgasel frbm the cryogenic separator, and with the steam, hydrocarbons and 
aS 1" de oVXp^ Condensed liquids, with these liquified components to 
bfclnuously oLSodically reheated by use of an nnmersed or siurounding heater to 
the section of the WW containing the liquified phase, and to be exited from the 
eparat ^y use ofl Scial valve, and be recycled into the inlet of the reforming reactor 
for continuous stel aS carbon dioxide reforming and water gas shift reaction in the 
retaer with the lAd hydrogen and carbon monoxide mixture from the cryogenic 
separator to be used ii» following applications 
methanol synthesis, \ 

gasoline synthesis viaVischer-Tropsch synthesis route, 
as combustion flel in gas turbines and gas engines, 

as fuel in solid oxide fuel cells, , 
either as is mixture, or Wn^jng with all or part of the hydrogen stream permeated 
from the permeable reformer. 



llVhgrem the membrane permeator following the 
ra Cryogenic separator, which operates at a cryogenic 



39. The process of claim 

permeable reformer is replaced^ « r > * . f , 

subzero temperature of Hute vali higher than the condensation temperature of the 
utacU steam, hydrocarbons, carLi dioxide, and lower than the condensation 
tem^rature of carbon monoxiS and hWogen, with the hydrogen and carbon ^monoxide 
gases to be separated as gaseUomVhe cryogenic separator, and with Ae steam 
hydrocarbons and carbon dioxide to b\ separated as condensed liquids, with these 
hquTd components to be continuously 3te*d ^ use ° f a ? " ^Ttm 

Zter to the section of the separato\contaming the liquified phase, and to be exited from 
^ separator by use of a special vaW an\be entered into the inlet of a conse utiye 
reforming reactor for continuous steanYand cWbon diox.de reforming and water gas shift 
reaXn fn the reformer and conversion^ I and C0 2 products, having the exit sfream 
from the last reforming reactor to conden^its Weacted steam by passage through a heat 
exchanger and by generating new steam inW oW side of the heat exchanger to be used 
^additional stelm feed in the inlet of this % Worming reactor in an autothermic type 
jSLvtag the final exit dry mixture oftLd C0 2 from lasl t heat exchanger tobe 
used as direct feed in a methanol synthesis re^r and molten carbonate fuel cell unit, 
also in other 
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and fuel Ape reactions 
either £ it is mature or after the CO z condensation and removal, as pure hydrogen, 
moreover with theYseparated hydrogen and carbon monoxide mixture from the cryogenic 
separate* to be used in following applications, 

methanol synthesis, 

gaWine synthesis via Fischer-Tropsch synthesis route, 

as\ombustion\fuel in gas turbines and gas engines, 

as fuel in solidpxide fuel cells, 
either as is W xture, oA after mixing with part or all of the hydrogen stream permeated 
from the firslpermeable\reformer. 

40 The pLess of cllm 5 as applied to the carbon dioxide and steam reforming of 
hydrocarbons W carbonlhoxide only reforming of hydrocarbons wherein complete 
conversion of hWocarbonSand carbon dioxide occurs in the permeable reformer and he 
reject exit streak from theVeformer consists only of hydrogen and carbon monoxide 
products and unrated and pWuced steam, which exit reject stream enters as a fuel feed 
in a solid oxide\fuel cell unk for electric current generation, with part or aH of the 
permeate hydrogen out of th\ permreactor to be recycled into the reject stream to 
complement for hydrogen fuel entering into the fuel cell. 

41 The processW claim4 asWied to the carbon dioxide and steam reforming of 
hydrocarbons or cLoJcQde \nly reforming of hydrocarbons wherein complete 
conversion of hydroXbons and car\on dioxide occurs in the permeable reformer and the 
reject exit stream ffim the reforme\ consists only of hydrogen and carbon monoxide 
products and unre^tek and producedkeam, which exit reject stream enters as a fuel feed 
in a solid oxidefoiel Veil unit for^eWtTcurrent generation, with part or aU of the 
permeate hydrogWji^^ to be recycled into the reject stream to 
complement for hydrogen fuel entering into the fuel cell. 

42 The process of clW 5 as applied \ the carbon dioxide and steam reforming of 
hydrocarbons or carboA dioxide reformW of hydrocarbons, wherein complete 
conversion of hydrocarbon\ and carbon dioxike occurs in the permeable reformer and the 
reiect exit stream from th\ reformer consistk only of hydrogen and carbon monoxide 
products and unreacted andWoduced steam, which stream enters into a heat exchanger to 
reduce its temperature and (Udense the contatoing steam by generating new steam m 
other side of the exchanger which is used as feed\into the first reforming reactor and any 
subsequently placed steam reforming or water gasVhift reactor, with the exi stream from 
the heat exchanger to be passed through a bed of moisture adsorbing particles to remove 
any moisture content, with the. dry cooled exit ga^ mixture to enter into a membrane 
permeator made by one of the following materials: 

organic polymer membrane, 
inorganic membrane \ 
composite morgamc-metalWanic membrane, 
composite organic-inorganio.membrane, 
composite organic-metal membrane, 
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metal fomtal-alloy membrane, 
non-w >rous inorganic membrane, 

carboft membrane, . 
which all materials are permselective to hydrogen, and separate hydrogen m permeate 
stream from larbon monoxide product which exit from the non-permeate side of the 
permeator as Ireject stream, with the separated hydrogen gas from the permeator and the 
permeable reforming reactor to be used in 
chemical synthesis 
and fuel Vpe reactions 
including hydro&n feed in hydrogenation reactors for methanol, ammonia and gasoline 
hydrocarbon synles*, also in gas turbines, engines, and fuel cells of proton exchange 
membrane, alkali^, molten carbonate, solid oxide and phosphoric acid types, and with 
aining stream from the permeator to be used m 
{ gasoline hydrocarbons synthesis, 
\ solid oxide fuel cells, 

asecutive water gas shift reactor for production of H 2 and C0 2 . 



the rejected CO cot 
methanol ar 
as fuel feed ' 
as feed in a < 



43 The process df W m 5 as a PP lied t0 me carbon dioxide md Steam reforming °? 
hydrocarbons or carbton\dioxide only reforming of hydrocarbons, wherein high enough 
conversion of hydrocaVbdns and carbon dioxide occurs in the permeable reformer, so that 
reject exit stream froki tke reformer contains non-permeate hydrogen product, carbon 
monoxide product, traces of unreacted hydrocarbons and carbon dioxide, and unreacted 

and produced steam, 4 ich V eam enters int0 a heat exchan 8 er to rcduce lts 
and condense the containing steam by generating new steam m other side of the 
exchanger which is usld ^feito the first reforming reactor and any subsequently 
placed steam refonrnngTor water^as shift reactor, with the exit stream from the heat 
exchanger to be pa^ed\throug^ a bed of moisture adsorbing particles to remove any 
moisture content/With Vhe dry\exit gas mixture to enter into a methanol synthesis 
catalytic reactor 4ich produces Methanol in the gas or liquid phase by reacting hydrogen 
and carbon monoWe over a metaWic^atalystr^ith the methanol product stream to exi 
from the synthesis Woi»^^ or all of it to be used as fuel feed m a methanol 
driven fuel cell, also with k part of it\o be fed in a consecutive methanol steam reforming 
catalytic reactor wherein riethanol reVcts with steam over a bed of metallic catalyst via 
the methanol decomposition? reaction h hydrogen and carbon monoxide and the parallel 
water gas shift reaction to Aydrogen arfd carbon dioxide, with final reaction products to 
be hydrogen and carbon dioiide which together with unreacted steam exit from the last 
methanol steam reforming re\ctor and passes through a heat exchanger to condense the 
containing steam by generating new steamVn other side of the exchanger which is used as 
feed into the two reforming rectors, with\the exit stream from the heat exchanger to 
contain only hydrogen and carbdn dioxide which is used as feed in molten carbonate fuel 
cells or after the C0 2 condensation and removal, pure hydrogen is recovered and used as 
feed' in hydrogenation reactors Vor methanol, ammonia and gasoline hydrocarbon 
synthesis, also in gas turbines, engines, and Wl cells of proton exchange membrane, 
alkaline, molten carbonate, solid oxide and phosphoric acid types. 
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44 The prdceskV claim 1 as applied to the carbon dioxide and steam reforming of 
hydrocarbons <S clrbon dioxide only reforming of hydrocarbons, wherein high enough 
conversion of hidrlcarbons and carbon dioxide occurs in the permeable reformer, so that 
reiect exit streak iom the reformer contains non-permeate hydrogen product, carbon 
monoxide prodult, rVaces of unreacted hydrocarbons and carbon dioxide, and unreacted 
and produced stim Awhich stream enters into a heat exchanger to reduce its temperature 
and condense trie c Wining steam by generating new steam in other side of the 
exchanger which\is u\ed as feed into the first reforming reactor and any subsequently 



isei 



placed steam refd 
exchanger to be 
moisture content, 
catalytic reactor wl 
and carbon monoxi 
from the synthesis 
driven fuel cell, also 
catalytic reactor wher 



th' 
;hp1 
o 
;to 
ith 



in 



the methanol decompo 
water gas shift reactio 
be hydrogen and carbo 
methanol steam reformi 
containing steam by ge, 
feed into the two 
contain only hydrog 
cells, or after the CO' 
feed in hydrogenation 
synthesis, also in gas 



or water gas shift reactor, with the exit stream from the heat 
through a bed of moisture adsorbing particles to remove any 
the dry exit gas mixture to enter into a methanol synthesis 
•oduces methanol in the gas or liquid phase by reacting hydrogen 
x a metallic catalyst, with the methanol product stream to exit 
and with a part or all of it to be used as fuel feed in a methanol 
part of it to be fed in a consecutive methanol steam reforming 
lethanol reacts with steam over a bed of metallic catalyst via 
reaction to hydrogen and carbon monoxide and the parallel 
;n and carbon dioxide, with final reaction products to 
:h together with unreacted steam exit from the last 
:actor anjjl passes through a heat exchanger to condense the 
= new steam in other side of the exchanger which is used as 
factors, with the exit stream from the heat exchanger to 
•on dioxide which is used as feed in molten carbonate fuel 
ivaCpure hydrogen is recovered and used as 
ifffor methanol, ammonia and gasoline hydrocarbon 
engines, and fuel cells of proton exchange membrane, 



litior 



to hydroge: 



rati 
•rming 
and\c 
conaensl 

turbid 



alkaline, molten carbonate, soM oxide and phosphoric acid types. 

45 The process of claim 4\\wherein a part or all of the product stream of hydrogen 
and carbon dioxide mixture exiW from the last methanol steam reforming reactor - is 
recycled as side feed into the me%anol synthesis reactor, and wherein a part or all ot the 
permeate hydrogen stream comingW of the first permeable reformer is recycled as well 
as side feed into the ^hanoUyAsis reactor, so that a combined mixture of hydrogen, 
carbon monoxide^nTcarbon dio^d^ used within this catalytic reactor for increasing 
the elficlency of methanol synthesis: 
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